Unique resonance Raman spectra were obtained when manganese(III) tetraphenylporphin halides in noncoordinating solvents were illuminated by laser frequencies around 500 nm. Of particular interest is the observation of a feature that is sensitive to the nature of the axial ligand. This feature disappears when the coordinating solvent pyridine is employed, and it, therefore, appears to be diagnostic of the manganese coordination number.
limited resonance Raman data are available for protein-free metalloporphyrins (14) , although Raman spectra have been reported for several metalloporphyrins under conditions far removed from resonance (15, 16) . To further interpret the spectra of the complex biological porphyrin system, it is of interest to determine the resonance Raman spectra of highly symmetric synthetic metalloporphyrins. In this paper we present data on Mn(Ph4Por)X, Ph4Por-tetraphenylporphin, X = Cl-, Br-, I-, compounds which more nearly possess 4-fold symmetry than the naturally occurring metalloporphyrins studied to date. Furthermore, manganese(III) porphyrins are of biological interest owing to their possible role in manganesedependent oxygen evolution in green plant photosynthesis (17) (18) (19) , and of spectroscopic interest because of their unusual electronic absorption spectra (20) .
Resonance enhancement of Raman scattered light may be achieved by illuminating the sample with a laser frequency that lies within an electronic absorption band. The particular electronic band that we have chosen to employ for resonance Raman spectroscopy (band V) is unique to Mn(III) porphyrins. Although all observed bands vary as a function of X (see Table 1 ), this electronic transition shows the greatest sensitivity to the nature of the axial ionic ligand, suggesting the interesting possibility of observing a resonance-enhanced vibrational mode associated with the axial Mn-X linkage. Despite the importance of axial ligands in the function of metalloporphyrins, there is to our knowledge only one metalloporphyrin system for which a resonance Raman band is observed for axial ligand vibrations (9, 10) .
Abbreviation: Ph4Por, tetraphenylporphin.
MATERIALS AND METHODS
The ligand a,#,-y,6-tetraphenylporphin, H2Ph4Por, was prepared as previously described (11) . The ligand, H2Ph4Por, 2.00 g (3.22 mmol) and 2.00 g (9.40 mmol) of Mn(C2H302)2 4H20 were refluxed in 500 ml of glacial acetic acid for 72 hr.
The solvent was then stripped off and the residue was extracted into 250 ml of methanol. The filtered methanol solution was treated with 250 ml of concentrated HX (X = Cl-, Br-, I-) and then 250 ml of distilled water. A green precipitate which formed immediately was isolated by filtration, washed with 250 ml of H20, and air dried. The crude Mn-(Ph4Por)X was dissolved in 100 ml of benzene and filtered, and 400 ml-of petroleum ether (30-60°) were added. The cooled solution yielded lustrous green crystals and a pure product was isolated by filtration and air drying. Yield was about 1.5 g, about 60% based on H2Ph4Por consumed. Satisfactory elemental analysis (C, H, N, X) and CHCl3 solution magnetic moments support the formulation of the materials as 5-coordinate high spin (d4) Mn(III) complexes.
Absorption spectra of chloroform, benzene, and pyridine solutions of Mn(Ph4Por)X were recorded with a Cary model 14 spectrophotometer. Infrared spectra of the complexes in CsI discs were obtained with a Digi-lab 296 Block I.R. spectrometer. Raman spectra of solutions (about 1 mM) were run in rotating 12-mm outside diameter Pyrex tubes (22) . The Raman data were collected using a Spex 1401, 0.85-m double monochrometer with photon counting detection and digital data processing. An argon ion laser (Spectra Physics 164) was used for sample illumination. The laser power at the sample was chosen in the range from 20 to 200 mW with slit widths varying from 5 to 1 cm-', respectively. The observed Raman shifts are estimated to be accurate to 4-2 cm-' in most cases. Polarization measurements were obtained by a Polaroid analyzer in the scattered beam. Depolarization ratios, p, were estimated from peak heights, and graphical baseline corrections were employed for overlapping bands.
RESULTS
In noncoordinating solvents when the axial ligand is I-we find a splitting of band V of the electronic spectrum, but no such splitting is observed with the other axial ligands (Table   1 ). For each porphyrin complex the peak positions are identical, within experimental error, in chloroform and benzene solutions. All compounds, including the iodide, give qualitatively similar spectra in the coordinating solvent, pyridine, and in this case band V is not split.
Many bands are observed in the resonance Raman spectra of these molecules. The results presented here are limited to the principal bands in the regions 200-400 cm-' and 1400-1620 cm-' which best illustrate some unusual features of these particular metalloporphyrins (Tables 2 and 3 ). DISCUSSION For metalloporphyrins with typical electronic spectra, the visible and near ultraviolet absorption spectra derive from two Tr -lr* porphyrin electronic transitions. Assuming idealized D4h molecular symmetry, these transitions are both of E. symmetry and undergo strong configuration interaction.
The transition dipoles add for the higher energy transition (about 400 nm), normally called the Soret band, and nearly cancel for the lower energy transition, called the Q band. The latter is split into two vibronic components, which are designated a (about 550 nm) and f3 (about 510 nm). Illumination in the vicinity of the Q bands produces anomalously polarized bands, for which p > 8/4 (13) . The majority of the remaining bands enhanced in this region are depolarized. If, instead, the exciting frequency is chosen near the Soret band, the anomalously polarized Raman lines have negligible intensity and polarized Raman lines dominate the spectrum (23) .
As can be seen from Table 1 the Mn(Ph4Por)X compounds display a complex electronic absorption spectrum which is (10) 202 (15) <0.75 220 (9) 217 (12) 218 (8) t 239 (12) 240 (7) 240 (10) 0.53 259 (9) 299 (13) 278 (25) (20, 24) .
Irradiation in the vicinity of the unique electronic feature, band V, of Mn(Ph4Por)Cl and Mn(Ph4Por)Br in inert solvents produces mostly polarized bands for which p < '/4 (Table   2 ). However, in the case of Mn(Ph4Por)I, which shows the splitting of band V, irradiation between the two bands produces anomalously polarized bands in addition to the polarized bands. This is in clear contrast to the situation described above for typical metalloporphyrins. A striking example of anomalous polarization is found for the 1534-cm-' band, for which the depolarization ratio is at least 20 when laser excitation at 488 nm is employed. For Mn(Ph4Por)Br and Mn-(Ph4Por)Cl, the anomalously polarized 1534-cm-' band is essentially absent. However, there is the barest hint of this feature in the bromide and in the chloride, with 488 and 476 nm excitation, respectively. This feature is absent for pyridine solutions of all three manganese(III) porphyrin halides.
The Raman intensity profile in the case of Mn(Ph4Por)I in benzene solution was explored as a function of incident laser frequency in the vicinity of band V. A sampling of the data is presented in Fig. 1 By comparison with previous metalloporphyrin resonance Raman spectra, the low-frequency region is unusually rich for the Mn(III) tetraphenylporphin halides. The strongest feature in the entire spectrum is found at 392 cm-' (Fig. 2) . In noncoordinating solvents an axial-ligand-dependent feature is found in the 270-to 300-cm-' region. This band shifts to progressively lower frequencies along the series X = Cl-, Br-, and I-( Table 2) (Fig. 2) . These shifts are not sufficiently large to allow assignment of the mode as a pure Mn-X stretch. However, the observed shifts are consistent with a delocalized mode that contains the Mn-X stretch mixed with one or several other modes, possibly Mn-N4 stretch orkdeformation. In agreement with this interpretation, depolarization measurements show that this band is symmetric and, therefore, of the correct symmetry for a fundamental involving some Mn-X motion. It is clear, however, both from the magnitude of the shifts and from the exact depolarization ratio (p = 0.15 observed versus the expected value of 0.125 for in-plane modes, and 0.333 for out-of-plane modes) that the primary contribution to the 270-to 300-cm-' mode is in-plane Mn-N motion. It also is worth noting that the presence of the unique low-frequency resonance Raman spectra offers some support for the assignment of band V as a charge transfer transition that is unique to Mn(III) porphyrins (20) .
The low frequency infrared spectra show weak absorptions at 394, 330, 241, 222, and 208 cm-' which are independent of anion. The bands can be reasonably assigned to macrocycle deformation modes. In addition, medium intensity aniondependent bands are seen at 294, 288, and 264 cm-' for Cl-, 280, 241 for Br-, and 273, 208 for I-. The bands can be associated with coupled modes involving porphin deformation, Mn-N and Mn-X stretching motions (25) . The higher frequency band probably involves v(Mn-N) to a greater extent than v (Mn-X), while the opposite is true for the lower frequency band. Therefore, there is general agreement between the infra- red assignments and that given above for the ligand-sensitive Raman mode. Whatever the exact assignment, the ligandsensitive Raman mode should prove useful in the study of the structure of manganese(III) porphyrins.
In pyridine solution, where the electronic spectra are substantially independent of the X ligand, the Raman spectra are also very similar, and the mode that is diagnostic of the axial ligand is no longer evident. These changes presumably result from the formation of a 6-coordinate species of the type [Mn(Ph4Por) (pyridine)2+] [X-] or Mn(Ph4Por) (pyridine)X (26, 27) . Therefore, the presence or absence of this band should be useful in defining the coordination number of manganese-(III) porphyrins.
